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ABSTRACT: To prevent leakage of ?uid through a clearance 
passage defined between a turbine rotor and stator, a duct is 
formed in the stator from which an annular jet of ?uid can be 
directed into the passage. The jet forms a moving curtain of 
fluid between rotor and stator. 

Axially adjacent the duct, a chamber may be formed in the 
stator, ?uid from the curtain being deflected into the chamber 
and conveyed therefrom to a further duct in order to provide a 
further moving curtain between rotor and stator. The further 
moving curtain may be provided in the same clearance 
passage or in another located downstream therefrom. 
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TURBINES 

This invention relates to turbines, and particularly to the 
provision of seals between relatively rotating members 
thereof. 

The type of seal with which the invention is concerned may 
be employed, for example, in steam turbines. Where a rotor 
stage of such a turbine is provided with a shroud around the 
blade tips it is desirable in the interests of efficiency to seal the 
clearance passage de?ned between the shroud and the sur 
rounding casing against leakage of steam therethrough from 
the high—pressure side of the rotor stage to the low-pressure, 
downstream side. Similarly where a stage of such a turbine is 
provided with an annular stator diaphragm it is desirable to 
provide a seal between the radially inner periphery thereof, 
and the surface portion of the rotor surface which the 
diaphragm surrounds. 
One method of providing such seals involves the use of a 

number of baffles extending radially from the shroud or the 
rotor toward, respectively, the surrounding casing or the 
diaphragm. For such a seal to be effective the radial 
clearances between the ends of the baffles and the surround 
ing structure must be small, with the danger, during running, 
of contact occurring therebetween, leading to localized fric 
tional heating and in consequence, distortion of the rotor. Al 
ternative arrangements wherein the baffles are mounted 
respectively on the surrounding casing or the diaphragm suffer 
from the same disadvantage. 
Where the baffles extend alternately from the rotor and the 

casing to form a labyrinth~type seal, an additional problem 
arises in the need for precise axial alignment of the rotor rela 
tive to the casing. 
According to the invention, a turbine includes a rotor hav 

ing at least one rotor stage, and a stator having at least one sta 
tor stage, there being annular clearance passages de?ned 
between the rotor and the stator at each stage, wherein a seal 
is provided for at least one passage for maintaining a pressure 
difference between the upstream side of the passage, and the 
downstream side thereof, the seal including a ?rst circum 
ferentially extending duct formed within the stator and com 
municating with the passage, and means for feeding a ?uid to 
the ?rst duct at a pressure greater than the pressure obtaining 
on either side of the passage, the arrangement being such that 
an annular jet of said ?uid is directed from the ?rst duct into 
the passage to provide therein a moving curtain of ?uid which 
is de?ected due to said pressure difference the ?uid having 
sufficient initial velocity that changes of ?uid momentum due 
to the de?ection are sufficient to maintain said pressure dif 
ference. 

Preferably said ?uid is directed from the ?rst duct with an 
axial component of velocity towards the upstream side of said 
passage. 
A circumferentially extending chamber may be formed in 

the stator, the chamber communicating with said passage at a 
point axially adjacent said first duct, at least part of the ?uid 
directed from the ?rst duct being de?ected into the chamber 
and removed therefrom via a conduit formed within the stator, 
?uid thus de?ected being fed by the conduit to a second duct 
for use in a further annularjet, whereby to form a further mov 
ing curtain of?uid. 
The second duct may be located in the same stage as the 

?rst duct. Alternatively, in a turbine having a plurality of 
stages, the second duct may be located in a stage downstream 
of that containing the ?rst duct. 
The invention enables steam turbines, for example, to be 

designed with a greater running clearance between selected 
portions of the rotor and the surrounding casing or 
diaphragms, thus reducing the danger of rotor distortion oc 
curring during operation. Furthermore, during assembly, the 
axial alignment of the rotor with respect to the surrounding 
casing need not be as critical as when labyrinth type seals are 
employed. 
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2 
Four embodiments of this invention will now be described, 

by way of example, with reference to the accompanying 
drawings, of which: 

FIG. 1 is a fragmentary sectional view of a rotor stage of a 
steam turbine in accordance with one embodiment of the in 
vention; 

FIG. 2 is a fragmentary sectional view ofa similar portion of 
a steam turbine to that shown in FIG. 1, in accordance with a 
second embodiment of the invention; 

FIG. 3 is a fragmentary sectional view of a portion of a 
steam turbine showing two adjacent rotor stages in ac 
cordance with a third embodiment of the invention; and 

FIG. 4 is a fragmentary sectional view of a rotor and stator 
stage of a steam turbine in accordance with one embodiment 
of the invention. 

Referring to FIG. 1, there is shown part of a shroud 10 of 
one stage of a rotor which is rotatably mounted within a tur 
bine casing 11. An annular passage 12 provides a clearance 
between the shroud 10 and the adjacent portion of the casing 
11. The direction of flow of the working steam which drives 
the rotor is indicated by the arrows 13. 
A duct 14 is formed circumferentially in the casing 11 so as 

to open into the passage 12. The duct 14 is arranged so as to 
direct a jet into the passage 12 towards the adjacent surface of 
the shroud 10 with a component in the direction towards the 
upstream side (that is the high-pressure side) of the rotor stage 
shown. The duct 14 is fed from an annular reservoir 15 also 
formed within the casing 11. The annular reservoir 15 is in 
communication with a suitable source of steam which is at a 
pressure above that of the high-pressure side of the rotor stage 
shown. The suitable source of steam may be independent of 
the steam driving the rotor. Alternatively, steam may be 
tapped from a point upstream of the turbine nozzle through 
which steam is fed to the rotor stage shown, the tapped steam 
being fed to the annular reservoir 15. 

In operation of this embodiment of the invention, an annu 
lar jet of steam is ejected from the duct 14 to form a moving 
curtain of steam which flows across the passage 12 and turns 
back upon itself to ?ow towards the downstream side (that is 
the low-pressure side) of the rotor stage shown. The annular 
jet-is so arranged that the rate of change of momentum of the 
moving curtain of steam in the direction parallel to the axis of 
rotation of the rotor is sufficient to support the pressure dif 
ference across the shroud 10. Consequently the moving cur 
tain of steam across the passage 12 presents a barrier to the 
?ow of steam through the passage 12 from the high-pressure 
side to the low-pressure side of the rotor stage shown. 

Referring to FIG. 2, in which like parts have been given the 
same reference numerals as used in the embodiment of FIG. 1, 
there is illustrated a second embodiment of this invention 
which differs from that of FIG. 1 in that additional passages 
are formed in the casing 11 so that the annular jet of steam 
which issues from the duct 14 is de?ected by the shroud 10 
into a duct 16 formed circumferentially in the casing 11 on the 
upstream side of the duct 14. The steam collected by the duct 
16 is fed through a number of circumferentially spaced con 
duits 17 to an annular chamber 18 and ejected through a duct 
19 which interconnects the annular chamber 18 with a point 
in the passage 12 downstream of the duct 14. The pressure of 
the steam in the annular reservoir 15 is selected so that the an 
nular jet issuing from the duct 19 behaves in much the same 
manner as the annular jet of the FIG. 1 arrangement. 

It should be understood that, for the same conditions of 
pressure upstream and downstream of the rotor stage shown, 
the pressure of steam in the annular reservoir 15 may be lower 
in this embodiment than in that of FIG. 1. This is because the 
moving curtain of steam issuing from the duct 19 raises the 
pressure in the space between itself and the moving curtain of 
steam issuing from duct 14 so that the latter moving curtain 
need only support a smaller pressure difference than the single 
moving curtain of steam of the embodiment of FIG. 1. 

In operation of this embodiment, the rate of change of mo 
mentum of the moving curtain of steam ?owing between the 
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ducts l4 and 16 and of the moving curtain of steam issuing 
from the duct 19 supports the difference in pressure between 
the upstream and downstream sides of the rotor stage shown 
so that the two moving curtains of steam present a barrier to 
the ?ow ofsteam through the passage 12 from the upstream to 
the downstream side of the rotor stage shown. 

Referring to FIG. 3 in which like parts have been given the 
same reference numerals as used in the embodiments of FIGS. 
1 and 2, there is illustrated a third embodiment showing the 
shrouds 10 of two adjacent stages of a rotor. The difference 
between this embodiment and the other two is that once the 
moving curtain of steam emerging from a duct 14 of one rotor 
stage is collected in the duct 16 of that rotor stage it is trans 
mitted through the conduits 17 in the downstream direction to 
the duct 14 of the next rotor stage. This procedure is repeated 
until the last stage of the system is reached which stage will 
function as described with reference to FIG. 1. 

In operation of this embodiment it will be appreciated that 
the rate of change of momentum of the moving curtain of 
steam ?owing between a duct 14 and its associated duct 16 
supports the pressure difference across that rotor stage. 
Furthermore it will be understood that the pressure of the 
steam which is supplied to the duct 14 of the ?rst rotor stage 
of the system is such as to ensure that the moving curtain issu— 
ing from the duct 14 of the last rotor stage of the system acts 
as described with reference to FIG. 1. 

Referring to FIG. 4, in which like parts have been given the 
same reference numerals as used in previous Figures, a steam 
seal of a type already described with reference to FIG. 1 is 
shown applied to an annular passage 27 de?ned between a sta> 
tor diaphragm 25 which supports a ring of stator blades 24, 
and a surface portion 26 ofa rotor 20. An annular reservoir 15 
is formed within the diaphragm, a conduit 28 extending radi 
ally therefrom and communicating, via one of the stator 
blades 24 which has a hollow cross section, with a suitable 
source of pressurized steam as discussed above. 

In operation, steam is fed under pressure to the reservoir 15 
via the hollow stator blade 24 and the conduit 28. As in the 
other embodiments described, an annular jet of steam is 
directed from the reservoir 15 through the duct 14 with an 
axial component of velocity directed toward the upstream side 
of the diaphragm 25. The steam forms a moving curtain of 
fluid in the annular passage 27 in a manner already described, 
thereby serving to maintain the pressure difference across the 
diaphragm 25 and presenting a barrier to ?uid ?ow through 
the passage 27 from the upstream side of the diaphragm to the 
downstream side thereof. 

It will be appreciated that the seals which have been 
described with reference to FIGS. 2 and 3 of the drawings 
could also be employed, for example, in the stator stage 
described with reference to FIG. 4, additional ducting being 
provided where required by means of further conduits 28 and 
additional hollow section stator blades 240. 

It will also be appreciated that the seals which have been 
described with reference to FIGS. 1, 2 and 3 could be applied 
to the annular clearance passage de?ned between the 
shrouded rotor and the surrounding casing shown in FIG. 4. 
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It will be further appreciated that for all applications of the 

seal herein described, the ?owrate of the seal ?uid to the 
reservoir 15 may be so adjusted that the momentum change 
undergone by the ?uid during de?ection is just sufficient to 
support the pressure difference across the members being 
sealed and thus provide the required barrier to ?uid ?ow 
therebetween. However, this state of equilibrium is extremely 
difficult to maintain exactly. Should the pressure difference . 
across the seal increase, or the ?uid supply pressure fall, the 
seal would cease to be fully effective, and it is advantageous 
therefore to allow for possible pressure ?uctuations occurring 
during normal running by supplying the seal ?uid at a pressure 
appreciably above the equilibrium value. 
An arrangement in accordance with this invention may be 

used for example as a steam turbine installation having a high 
pressure cylinder, an intermediate pressure cylinder and a 
ow-pressure cylinder and may be used with advantage on all 
the stages of the high-pressure cylinder, most of the stages of 
the intermediate cylinder and the initial stages of the low-pres 
sure cylinder. 
We claim: 
1. A turbine including a rotor having at least one rotor 

stage, and a stator having at least one stator stage, the rotor 
and the stator de?ning between them an annular clearance 
passage at each stage, there being provided a seal for at least 
one passage for maintaining a pressure difference between the 
upstream and downstream sides thereof, the seal including: 
means within the stator which de?ne a ?rst circum 

ferentially extending duct which communicates with the 
passage; 

?uid-feeding means connected to the ?rst duct for feeding a 
?uid thereto at a pressure greater than the pressure ob 
taining on either side of the passage, the ?rst duct being 
arranged to direct an annular jet of ?uid into the passage 
to provide therein a moving curtain of ?uid which can be 
de?ected owing to the said pressure difference, the said 
jet having sufficient initial velocity that changes of fluid 
momentum during de?ection of the jet are sufficient to 
maintain the said pressure difference; 

further means within the stator which define a circum 
ferentially extending chamber communicating with the 
passage at a point axially adjacent to the ?rst duct; and 

?uid release means comprising a conduit connected to the 
chamber, such that at least part of the ?uid in the said jet 
can be de?ected into the chamber and released therefrom 
via the said conduit to a second duct for use in a further 
annular jet, whereby to form a further moving curtain of 
?uid. 

2. A turbine according to claim 1, wherein the ?rst duct is 
arranged to impart to the said annular jet of ?uid an axial com~ 
ponent of velocity towards the upstream side of the passage, 
and the said chamber is disposed upstream ofthe ?rst duct. 

3. A turbine according to claim I, wherein the said second 
duct is disposed in the same stage as the first duct. 

4. A turbine according to claim 1, having a plurality of 
stages, wherein the said second duct is disposed in a stage 
downstream from that containing the ?rst duct. 


